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Fig. 1 Analysis result of differentially abundant
proteins between the proteomes of fresh semen and

cryopreserved semen of A. schrenckii
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Fig. 2 Protein domain analysis of differentially abundant proteins
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Fig.3 GO function enrichment analysis of differential proteins
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1 E%EH GO Z&E 51 (TOP 30)
Tab.1 GO function enrichment analysis of differential proteins (TOP 30)

GOt s 4,7 Fi% PR 1R
GO no. pathway name category no. of differentially
abundant proteins

0042562 W 4ES  hormone binding TR MF 3
0000287 BB TF454  magnesium ion binding SFIHRE  MF 9
0015318 TH T R HEE B A inorganic molecular entity transmembrane transporter activity > FLfg  MF 15
0030545 ZARATTEYE  receptor regulator activity T IIRe MF 4
0048018 ZAREAATEME  receptor ligand activity SFIhie MF 4
0015075 BT SR IEE AEPE  ion transmembrane transporter activity ST IIRe MF 15
0006638 T EARFARET  neutral lipid metabolic process AidiE BP 2
0006672 P BRI ceramide metabolic process Y E BP 2
0033014 g AE4) A R tetrapyrrole biosynthetic process YR BP 2
0006687 FEEIARARM  glycosphingolipid metabolic process e BP 2
0019377 PEAE AR glycolipid catabolic process Yt FE BP 2
0006639 BEIEH A acylglycerol metabolic process PR BP 2
0046514 T WERZ 5 A0 ceramide catabolic process HYIt iR BP 2
0046479 VE#EAE > i glycosphingolipid catabolic process LWt fE BP 2
0006641 il =R triglyceride metabolic process £Vt E BP 2
0030551 WA RLE S cyclic nucleotide binding T IIRe MF 3
0019001 YHE4E A guanyl nucleotide binding SFIhie MF 17
0032561 B IRSS & guanyl ribonucleotide binding ST IIRe MF 17
0008324 BHES T4 I8 8 (G cation transmembrane transporter activity 7T HIRe MF 12
0022890 TENWLFH S T s A2 8 35 PE  inorganic cation transmembrane transporter activity S TUIRe MF 12
0006403 RNASEfNL RNA localization AW e BP 3
0051236 RNAELZESL  establishment of RNA localization AR BP 3
0050658 RNA#iz RNA transport Ve BP 3
0015931 BRERIE LSS  nucleobase-containing compound transport AidFE BP 3
0051028 mRNAF4iZ  mRNA transport HEYERE BP 3
0050657 IR%%12  nucleic acid transport EFE BP 3
0019773 EAMAEZORAY, o-WHEKL AP proteasome core complex, alpha-subunit complex ML CC 3
0031965 %M nuclear membrane LRy CC 3
0016787 IKFREETE  hydrolase activity S FUIRE MF 55
0022857 PEBHEIZE AT transmembrane transporter activity Sy FINfiE MF 16

PG S5 D AR T R A I BN AR E Y, A
N R BN, CIRP ik 5 AR & m
HAE AR T, mAEAHESE Y, CIRP 8
FIR AR VRS I it GBS - rh 22 R 3
HEM CIRP D RE [FIFE B A —E PR SFPE, R
K FIEBAUR R A B, Rk T A A
FEOK AT, MRS 5 7 .
R4 W ZE (luteinizing hormone, LH) J&—

PR PERRIER . FEB D, LH 230K 25 AN
SR 3 3, RS R MM R R IR
MR &5 (Dicentrarchus labrax) 75§ & LH 5 /Y
RS LB, ATA R AR LH &, J
& f AR RS 7 AR P e IGER VRS T LH &
HOERTTR 0.1 45, RIDKT i £ 14
R 2 AR IR 5, To AR R R AR
LRSI
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Fig. 4 The distribution of KEGG pathways of differential proteins
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*2 KEGG BEHEXER
Tab.2 Related proteins for KEGG pathway

KEGGi# AR ESEA
KEGG pathway no. of proteins protein
WEMEM  endocytosis 3 SBPL-A. RBP. RAB-8A
AAAZIEIZ%  nucleocytoplasmic transport 4 EF-la. NUP53-1. NUP85. NUPS53-2
AMPK/fZ 5 i@# AMPK signaling pathway 2 RAB-8A. GTP
WEARIEVLEE (S5 R4t  phosphatidylinositol signaling system 2 IP-P. CMD
cAMP{Z 51l cAMP signaling pathway 2 CMD. LZH
B HIKARE  glutathione metabolism 1 GTF
B-INE R  beta-alanine metabolism 1 ECOAH
HiARC#  glycerolipid metabolism 1 LPL
NEWAMRF%ME  fatty acid degradation 1 ECOAH
ARWTERAEAR  fatty acid elongation 1 ECOAH
FERZ IR glycosaminoglycan degradation 1 NAS-6S
FALTERRIL  oxidative phosphorylation 2 CYT-C. IGDP
VAR AR/FE L glycolysis/ gluconeogenesis 2 GTP. PPH
HEAERACH  pyruvate metabolism 1 GTP
WIEERER £h4K#  inositol phosphate metabolism 1 IP-P
TCAfE¥F  citrate cycle (TCA cycle) 1 GTP
BB RV A streptomycin biosynthesis 1 IP-P
BRI tryptophan metabolism 2 ECOAH. ODST
L %% lysine degradation 2 ECOAH. ODST
R RN TZR IR #  valine, leucine and isoleucine degradation 1 ECOAH

W SR CK %1k T8, SDHC %Kik LM,
LIRS P R, S @R R R E A
Jith ECBRG —F fE ot A 7 1) 336 2 5 SR R L 2
ETREY, SARMRE AT, b SDHC
ikt LA REA LR . X sehg A
Ml 1) 235 A & HEE R RS T RE R4,
T FEOE IR SIRe )1 . ZHERE 158 R A28 4k

26S & A (26S proteasome) S ELA% 4 fifd
AR ATP #4728 AR ) =250+, 25
KB A it FE, A HER 7R Ae 07,
B HT 19S T UKL RN 208 A% UKL G 35 43 24 A
WZ ZEEPRIC I & SR Y8 1 198 985 0k
AR P8, FEEXE) 208 B O0R R
TR 5 RN ORI T, 268 B AR o
Z: HEREEH Z IR L R . JEDhReTE (R
BE) BN RR . SRR AR S LRI 4R
Xf 40 AT DR AP R KRB (Rattus norvegicus)
e, 198 VAT FUR TR ATP 7K fff B2 116 B 2 11
PSMC Al RS 5 TAA Y &4 . KT 28
1 K Sk B I B Y R DY, FEFEIA SR (Ovis
aries) K5 FIRSNRBERT G, PSM R E £k

TR ELES, RIGENRRERICY .,
it GRS F R R B 935, PSMC6 ik 8k fif
K 1Y 22.83%, i 19S & 45 Uk A9 A ATP i 12
& PSMDI1 fil PSMD13 3% ik . 3% I 74 3.48 fll
1.98 15, HAth PSMD #1 PSMC & H WA A [A] 72
FEFRIRARE, U BRI VR A2 5 AR v
26S B B B DI RE il BE 3% 31 ATP BTG T R
0B R i) - a8 8 g = B S v T el B
i 3 R P T R A R MRS T AR

K FAEPU A AL RE J) B AT 25 A i Sk
L, 33 DNA $iffi . BRI S O, 1|
L RLIRDIREZ W, T I8 JIBEAREY, T4
A, i 40 ot 480k & E (CAT) 01 484k W 5 Ak il
(SOD) 45 7E bt A Ak o kit F vp R ZAE
L, B A A A bt FH 4 > Ak ol 40 i
Z AN G0 B B RE LY CAT nf LA R
WGP, BRARARAE T35, IS4 4
M, BRI S 23U (Felis catus) ¥ T W HLA L
Aty G PERRAS, RSN TE SOD 1] LU — i F
B A BV URORE T B TE Y it GRS T4
IR ARIR S R M F G CAT Fl SOD ik T,
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SRS — 2", PR E A R R s B R
AT BB G P AR AR, AT 20K 73 1 T RE
ST RIS AR i EE R Z —

4 4

A5 F|H 4D Label-free 5 &2 5 H 20 2%
AR i 2 it EG A 7 AR IR DR A7 TS 19 200 422
SRNEAT, MWRANERE AT EDE
B, KB EREAS 5K 7 RO
(FAST-KD. DNAJBI3 fil CIRP), & % #i /i
(Nups). fg &= 10} (CK A1 SDHC). iz hGE 1)
(DNAH) Fidit 8 LA (CAT #1 SOD) 25 4= ik
F o it CREIRE T 1R IR Rl TS 2 1 BUfE e B 22
S, XIS S A AR Dy gk — 2D W SORS T R
PER bR S, (G m LA A RS
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Proteomic analysis between fresh and freeze-thawing semen in
Acipenser schrenckii

CHEN Zhangfan ?, DING Lanqging ¥, CHENG Peng', HU Mou‘, ZHANG Tingting ",
HUANG Hongtao >, DU Hejun®, CHEN Songlin "**

1. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute,
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2. Laboratory of Marine Fisheries and Food Production Processes,
Qingdao Marine Science and Technology Center, Qingdao 266237, China,
3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
4. Hangzhou Qiandaohu Xunlong Sci-tech Co., Ltd., Hangzhou 311701, China;
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China Three Gorges Corporation, Yichang 443100, China

Abstract: Acipenser schrenckii, commonly known as the Amur sturgeon, is a vital species in China's sturgeon industry due to
its significant economic value. Cryopreservation of sperm is a crucial technique for conserving and utilizing sturgeon ger-
mplasm resources, facilitating long-term storage of viable sperm. Previous studies have optimized the extender formulas,
assessed antioxidant activities, examined enzyme functions related to energy metabolism, and compared sperm ultrastructure.
However, there remains a paucity of research on the molecular changes occuring during sturgeon sperm cryopreservation.
Addressing this gap, a recent study utilized 4D label-free quantitative proteomics to discern differentially abundant proteins
between fresh and freeze-thawing A4. schrenckii semen, post-thawing at 24 h. Proteins were extracted using SDT lysis buffer
(4% SDS, 100 mmol/L Tris-HCI pH 7.6, 0.1 mol/L DTT) and sonication, followed by centrifugation for collection, identifying
a total of 1 859 proteins. Employing a threshold of a 1.5-fold difference factor (FC) and a significance level (P-value) less than
0.05, 200 differentially abundant proteins were delineated, including 92 down-regulated and 108 up-regulated. Subcellular map-
ping revealed protein localization across various cellular compartments, while GO and KEGG enrichment analyses unveiled
involvement in diverse biological processes, cellular components, molecular functions, and signaling pathways. Notably, Fas-
activated serine/threonine phosphoprotein kinase 1 (FASTK1) was up-regulated in freeze-thawing semen for 48.81-fold, indic-
ating a role in cell proliferation regulation for self-protection. Conversely, the down-regulation cold inducible RNA-binding
protein (CIRP) suggested its involvement in cell proliferation, which ultimately affected the motility of free-thawing semen. Up-
regulated Nup proteins potentially contributed to membrane protein conformation changes , destabilizing intracellular environ-
ments. Down-regulated DNAH-9 was linked to flagellum membrane disruption and fracture. Changes in proteins associated
with energy metabolism and antioxidant response, including CK, SDHC, 26S proteasome, CAT and SOD, may elucidate the
decreased motility of sturgeon semen after freeze-thawing process. These molecular alternations may impact sperm viability
and function, possibly explain reduced fertilization successpost-cryopreservation. The identified proteins could serve as candid-
ate markers for A. schrenckii semen quality during the freeze-thawing process, guiding the development of improved cryop-
reservation protocols. This research lays a valuable foundation for deeper exploration into the molecular mechanisms of stur-

geon sperm cryopreservation, crucial for the conservation and sustainable utilization of this vital fish resource.

Key words: Acipenser schrenckii; sperm cryoinjury; differentially abundant proteins; 4D label-free
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